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ForensicAbstract The distribution of ﬁngerprint patterns has been found to be varying amongst the differ-
ent population groups across the globe. Hence, this knowledge becomes crucially important in
forensic investigations. The present study was conducted on 480 healthy and consenting Muslim
individuals (240 males and 240 females) from Maharashtra State in India. The aims were to deter-
mine the frequency distribution of various ﬁngerprint patterns; establish the most and least predom-
inant patterns; and to ﬁnd out whether any statistically signiﬁcant gender differences exist. Rolled
ﬁnger impressions taken in duplicate on ﬁngerprint identiﬁcation slips were analysed twice by both
the authors independently (so as to eliminate any error in the classiﬁcation due to inter-observer
and intra-observer variations). The distribution of patterns was found to be in the following order:
ulnar loop (max) > spiral whorl > twinned loop > central pocket loop > concentric whorl >
tented arch > plain arch > radial loop > lateral pocket > accidental (min). Applying the t-test
to the obtained results, gender differences were found to be statistically insigniﬁcant (p > 0.05).
Various dermatoglyphic indices (Pattern Intensity Index, Dankmeijer’s Index and Furuhata’s
Index) were calculated and compared to the available data in various other ethnic groups and pop-
ulations. A new ‘Combined Pattern Index’, is proposed.
ª 2014 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Dermatoglyphics (ancient Greek, derma= skin, glyph= crav-
ing) is the term speciﬁed to the scientiﬁc study of ﬁngerprints,ﬁrst given by Harold Cummins in the year 1926.1
Fingerprints are characterized by alternating strips of raised
friction ridges and grooves that form peculiar and speciﬁc pat-
terns. These patterns start to develop between the ﬁfth and sixth
week of intrauterine life, and are fully formed by the 21st week.2
Fingerprints or friction ridges are the prime and infallible
means of identiﬁcation in forensic investigations and trials.3
Unless a person is involved in an accident affecting their
hands, the ﬁngerprints remain unchanged during life time
(except for growing in the size with age, proportionately to
the growth of the individual). Even after almost over a century
of existence, no two ﬁngers have ever been found to possess
identical ridge characteristics (minutiae). Fingerprints havell rights
Digital dermatoglyphics study on Muslim population 91ridge characteristics that allow for efﬁcient classiﬁcation and
examination which often leads to the identiﬁcation or
elimination of suspects involved in a crime.
This has led to its wide use n the ﬁelds of forensic science,
medicine, biological anthropology, ethnology and population
genetics for their capabilities to identify racial and ethnic
differences, gender, individuals as well as congenital
malformations.4,5
The distribution of ﬁngerprint patterns has been found to
be varying amongst various populations and ethnic groups,
in India and across the globe. Hence, this knowledge becomes
crucial in forensic investigations. If a ﬁngerprint is encountered
as evidence, matching of minutiae is the secondary task, the
primary task being the classiﬁcation of the pattern present
on the print, which can thereafter be used for narrowing down
the suspect pool by eliminating the suspects with any other
pattern type other than the one found on the crime scene
and hence reducing the burden on the investigating ofﬁcer.
In the past, attempts have been made by researchers to study
the distribution of ﬁn-gerprint patterns in various populations
and ethnic groups.6–23
The present study was aimed to determine the detailed fre-
quency distribution of various ﬁngerprint patterns, establish
the most and least predominant patterns and to ﬁnd out the
existence of any statistically signiﬁcant gender differences in
the Central Indian Muslim population.
2. Materials and methods
2.1. Sample size and inclusion criteria
The present study was carried out on 480 Muslim subjects (240
males and 240 females) in the Nagpur city of Maharashtra
state in India. The age ranged from 18 to 40 years (mean age =
24 years). All subjects were informed about the purpose and natureFigure 1 Showing the detailed distribution ofof the study. Only healthy individuals with no history or visible
signs of any disease, deformities, injury to the palmer surface of
the hand were included.
2.2. Methods
Before taking prints, the subjects were asked to wash and dry
their hands.6 After 5 min, they were guided stepwise to provide
rolled ﬁnger impressions. Thumb impression ink (Kores India)
was evenly spread on an aluminium ﬁngerprint slab with the
help of a rubber roller. With relaxed arms, the subjects were
asked to roll their ﬁngertips on the ink slab and then, carefully,
slowly and serially, in the allotted spaces on the 10-digit ﬁnger-
print identiﬁcation slip. Any external pressure was avoided
during the process to ensure that no smudging of the prints
occurs. Care was taken to ensure that all the ﬁngerprints were
taken only in the respective spaces provided on the proforma.
The ﬁngerprints were taken in duplicate. The ﬁngerprint
identiﬁcation slips were marked and labelled appropriately.
The same procedure was repeated for all the subjects.
2.3. Analysis
The ﬁngerprint prints thus obtained were then classiﬁed sepa-
rately by both the authors, as per Henry’s classiﬁcation in the
following major types and sub-types, viz., Arches (plain and
tented), Loops (ulnar and radial), Whorls (spiral whorls and
concentric whorls) and Composites (central pocket, lateral
pocket, twinned and accidental).
2.4. Statistical analysis
The t-Test was performed to test any signiﬁcant gender differ-
ences; inter-observer and intra-observer variabilities were also
assessed. A p-Value of <0.05 was considered as signiﬁcant.Fingerprint patterns in Muslim population.
Table 1 Digit wise distribution of Fingerprint patterns in Musli Males.
Males
Major pattern type Sub-classiﬁcation Left hand Right hand Both hands Aggregate
Little Ring Midd e Index Thumb Thumb Index Middle Ring Little n % n %
n % n % n n % n % n % n % n % n % n %
Arch Plain 4 1.67 0 0.00 8 .33 16 6.67 4 1.67 0 0.00 12 5.00 4 1.67 0 0.00 4 1.67 52 2.17 84 3.50
Tented 0 0.00 0 0.00 4 .67 16 6.67 0 0.00 0 0.00 8 3.33 4 1.67 0 0.00 0 0.00 32 1.33
Loop Radial 0 0.00 0 0.00 4 .67 12 5.00 0 0.00 4 1.67 16 6.67 0 0.00 0 0.00 0 0.00 36 1.50 1256 52.33
Ulnar 164 68.33 88 36.67 144 0.00 88 36.67 116 48.33 116 48.33 68 28.33 180 75.00 68 28.33 188 78.33 1220 50.83
Whorl Concentric 8 3.33 16 6.67 8 .33 16 6.67 8 3.33 8 3.33 20 8.33 0 0.00 8 3.33 0 0.00 92 3.83 676 28.17
Spiral 28 11.67 108 45.00 44 8.33 56 23.33 56 23.33 48 20.00 60 25.00 28 11.67 120 50.00 36 15.00 584 24.33
Composite Central Pocket 16 6.67 24 10.00 8 .33 12 5.00 4 1.67 4 1.67 16 6.67 8 3.33 32 13.33 8 3.33 132 5.50 384 16.00
Lateral Pocket 4 1.67 0 0.00 0 .00 0 0.00 0 0.00 16 6.67 0 0.00 0 0.00 0 0.00 0 0.00 20 0.83
Twinned 16 6.67 0 0.00 12 .00 20 8.33 40 16.67 44 18.33 24 10.00 16 6.67 8 3.33 4 1.67 184 7.67
Accidental 0 0.00 4 1.67 8 .33 4 1.67 12 5.00 0 0.00 16 6.67 0 0.00 4 1.67 0 0.00 48 2.00
Total 240 100 240 100 240 00 240 100 240 100 240 100 240 100 240 100 240 100 240 100 2400 100 2400 100.00
The values in bold highlights the total percentage from that of the ind vidual ﬁngers.
Table 2 Digit wise distribution of ﬁngerprint patterns in Muslim Females.
Female
Major pattern type Sub-classiﬁcation Left hand Right hand Both hands Grand total
Little Ring Mid e Index Thumb Thumb Index Middle Ring Little n % n %
n % n % n n % n % n % n % n % n % n %
Arch Plain 4 1.67 0 0.00 8 .33 8 1.67 0 0.00 4 1.67 8 3.33 4 1.67 8 3.33 4 1.67 44 1.83 128 5.33
Tented 0 0.00 4 1.67 8 .33 32 13.33 8 3.33 0 0.00 28 11.67 4 1.67 0 0.00 0 0.00 84 3.50
Loop Radial 0 0.00 4 1.67 0 .00 20 8.33 0 0.00 4 1.67 12 5.00 4 1.67 4 1.67 4 1.67 52 2.17 1156 48.17
Ulnar 180 75.00 72 30.00 120 0.00 52 21.67 92 38.33 104 43.33 76 31.67 160 66.67 72 30.00 176 73.33 1104 46.00
Whorl Concentric 8 3.33 40 16.67 0 .00 12 5.00 12 5.00 16 6.67 8 3.33 4 1.67 12 5.00 4 1.67 116 4.83 668 27.83
Spiral 12 5.00 76 31.67 48 0.00 88 36.67 40 16.67 26 15.00 68 28.33 28 11.67 124 51.67 32 13.33 552 23.00
Composite Central Pocket 20 8.33 28 11.67 20 .33 12 5.00 0 0.00 4 1.67 8 3.33 8 3.33 20 8.33 8 3.33 128 5.33 448 18.67
Lateral Pocket 4 1.67 0 0.00 4 .67 4 1.67 16 6.67 20 8.33 8 3.33 0 0.00 0 0.00 0 0.00 56 2.33
Twinned 8 3.33 12 5.00 24 0.00 12 5.00 68 28.33 44 18.33 20 8.33 28 11.67 0 0.00 12 5.00 228 9.50
Accidental 4 1.67 4 1.67 8 .33 4 1.67 4 1.67 8 3.33 4 1.67 0 0.00 0 0.00 0 0.00 36 1.50
Total 240 100 240 100 240 00 240 100 240 100 240 100 240 100 240 100 240 100 240 100 2400 100 2400 100.00
The values in bold highlights the total percentage from that of the ind vidual ﬁngers.
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Table 3 A comparison of the dermatoglyphic patterns of Muslims with various other populations.
Population/ethnic group Sex N Frequency of dermatoglyphic patterns (%) Authors
Loops Whorls Arches Composites
Muslims (Central India) M 240 52.33 28.17 3.50 16.00 Present Study
F 240 48.17 27.83 5.33 18.67
South Indians (India) M 250 51.4 41.08 5.68 Nithin et al.6
F 250 38.16 35.36 4.52
Annang ethnic group (Nigeria) M 200 41.7 42.9 15.4 Ekanem et al.17
F 200 50.7 19.5 22.6
Ijaws (Delta State, Nigeria) M 100 33.98 21.03 0.47 Anibor et al.16
F 100 17.68 27.26 1.51
Aniomas (Southern Nigeria) M 176 54.9 27.6 17.5 Eboh4
F 164 54.4 29.1 16.5
Urhobos (Southern Nigeria) M 224 53.9 29.4 16.7
F 256 58.3 28.9 12.8
Medical Students (Gangtok, India) M 55 56.8 38.7 4.5 Kanchan et al.8
F 55 58.2 37.3 4.5
Rajput (Himachal Pradesh, India) M 50 49 49 2 Singh and Garg10
F 50 53.33 46.86 1.81
Sinhalese (Sri Lanka) M 217 58.52 36.54 4.93 Wijerathne et al.15
F 217 60.92 34.52 4.56
Rarhi Brahmins (Bengal) M 100 53.8 43.9 2.3 Chattopadhyay et al.20
F 38 64.47 31.32 4.21
Tunisians (Tunisia) M 233 61.72 31.31 7.08 Namouchi7
F 110 63.54 27.74 8.63
Danguria Tharu of Uttar Pradesh (India) M 379 54.69 41.42 3.87 Srivastava21
F 300 55.33 40.5 4.16
Black Americans (USA) M 100 63.1 33.6 3.3 Qazi et al.22
F 100 59.7 31.3 8.2
Nigerians (Nigeria) M 400 54.14 30.05 16 Boroﬃce23
F 400 52.31 25.3 22.4
Indigenous black Zimbabweans (Zimbabwe) M 135 77.77 12.23 10 Igbigbi19
F 135 85 5 10
Rengma Nagas of Nagaland (India) M 104 46.96 52.19 0.49 Banik et al.13
F 103 42.52 55.69 1.79
Dhimals of North Bengal (Bengal) M 101 42.16 55.10 2.75 Biswas12
F 101 48.24 50.19 1.57
Tibetans (Tibet) M 156 38.99 60.24 0.76 Tiwari et al.11
F 150 49.13 48.67 2.2
Muzziena Bedouin (South Sinai) M 170 49.2 49.1 1.7 Karmakar et al.14
F 48 48.2 50.3 1.6
Samoan (New Zealand) M 100 43.6 55.6 0.8 Cho9
F 93 33.7 65.6 0.7
Australian Aborigines in the Northern Territory (Australia) M 114 42.6 56.7 Cho18
F 90 47 51.2
Digital dermatoglyphics study on Muslim population 93The Various dermatoglyphic pattern indices calculated
from the obtained results are as follows:
Pattern intensity index = [(2 ·% whorl +% loop) ‚
10].15,24,25
Dankmeijer’s index = [(% arches ‚% whorl) · 100].15,26
Furuhata’s index = [(% whorl ‚% loop) · 100].15,27A new Combined Pattern Index (CPI) by us = [{((%
loop +% whorl) ‚% arch) ·%composite} ‚ 10].3. Results and discussion
A total of 4800 ﬁngerprints were studied and their patterns
identiﬁed. Overall, loops were found to be the most common
Table 4 A comparison of the dermatoglyphics pattern indices of Indian Muslims with several other populations.
Population Gender Pattern Dankmeijer’s Furuhata’s Combined Author(s) &
Intensity Index Index Pattern Year
Index Index
Muslims (Central India) Male 10.87 12.42 53.83 36.80 Present study
Female 10.38 19.15 57.77 26.62
M + F 10.63 15.79 55.72 30.68
Rajputs (India) Male 14.70 4.08 100 – Singh and Garg10
Female 15.00 3.41 118 –
M + F 14.85 3.73 109 –
Sinhalese (Sri Lanka) Male 13.16 13.49 62.44 – Wijerathne et al.15
Female 12.99 13.22 56.65 –
M + F 13.08 13.35 59.55 –
Samoan New Zealanders Male 15.18 1.44 127.52 – Cho9
(New Zealand) Female 16.49 1.07 194.66 –
M + F 15.99 1.32 156.59 –
Tibetans (Tibet) Male 15.95 1.26 154.5 – Tiwari et al.11
Female 14.65 4.5 99.06 –
M + F 15.3 2.88 126.78 –
Rengma Nagas of Nagaland (India) Male 1.54 0.14 – – Banik et al.13
Female 1.56 3.34 – –
M + F 0.47 1.47 – –
Dhimals of North Bengal (Bengal) Male 15.24 4.98 130.7 – Biswas12
Female 14.86 3.13 104.07 –
M + F 15.05 4.1 116.49 –
94 N. Kapoor, A. Badiyepattern (50.25%) followed by whorls (28%), composites
(17.33%) and arches (4.42%). Sub-classifying further, ulnar
loop (48.42%) was the most predominant and lateral pocket
loop (1.58%) was found to be the least common (Fig. 1).
A detailed frequency distribution of the different ﬁngerprint
patterns and sub-patterns for individual digits in both hands
amongst males and females is shown in Tables 1 and 2.
Males and Females both showed a dominance of the Ulnar
loop (50.83% and 46%, respectively). Lateral pocket loop
(0.83%) and accidental pattern (1.5%) were least commonly
occurring in males and females respectively. It was observed
that in both the hands of male and female subjects, in the ring
ﬁngers, whorl patterns were signiﬁcantly higher than loops,
which is in accordance to the observations of Nithin et al.6
Owing to the detailed classiﬁcation used by us (Loops,
Whorls, Arches and Composites), the results of our study vary
slightly against most of the other researchers who used general
major classiﬁcations (i.e. Loop, Arch and Whorl). The core
results of our study are in partial accordance with the studies
conducted by various other researchers4,6–8,10,15–17,19–23 who
also found the loop pattern to be the most common in the var-
ious populations studied by them (as shown in Table 3). Also,
the results of our study were found to be in contrast to the
studies conducted by some researchers9,11–14,18 who reported
whorls to be the most common pattern, followed by loops
and arches in both the hands of males and females.
Statistically there were insigniﬁcant sex differences (p >
0.05) in the overall distribution of ﬁngerprint patterns in ﬁn-
gers of both hands amongst males and females which is in
accordance to the results of Kanchan et al.8 and Igbigbi et al.19
Bilateral differences were also found to be insigniﬁcant (p >
0.05). No signiﬁcant inter-observer/intra-observer error (p >0.05) was found in terms of classiﬁcation of the prints by both
the authors independently.
Newman28 considered the indices of pattern intensity as one
of the important criteria for the evaluation of the biologically
meaningful differences between population groups. In addition
to the already known three indices (Pattern Intensity Index,
Furuhata’s Index and Dankmeijer’s Index) we propose a new
index that we named as combined pattern index (CPI), which
includes all the four major pattern types viz. Loops, Whorls,
Arches and Composites.
The different indices in the Muslim population have been
calculated, listed and compared to other available data from
other workers (Table 4). In the present study, the values of
pattern intensity index and combined pattern index are high
in males while the values of Furuhata’s Index and
Dankmeijer’s index are high in females. In accordance with
the statement of Newman, the various indices showed great
variability in terms of the various populations compared as
can be seen in Table 4.4. Conclusion
Detailed classiﬁcation and frequency distribution of ﬁnger-
print patterns were obtained in a Muslim population of Cen-
tral India. Ulnar loop was found to be the most predominant
in males as well as in females. Gender differences and bilateral
differences were found to be statistically insigniﬁcant (p >
0.05). The results were compared to the available data for var-
ious other populations and ethnic groups from India and
around the world. Various indices were calculated and com-
pared to study the population variability. A new ‘‘Combined
Digital dermatoglyphics study on Muslim population 95Pattern index’’ has been proposed, which includes all the four
pattern types instead of two (as used till now). Further studies
on larger sample sizes are needed to substantiate our ﬁndings.
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